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Abstract

The data presented herein constitutes a complete and
accurate account of the procedures, criteria and conclusions
assocjated with the Reljability and Maintainability Assess-

ment performed on the Laser Scanner Image Generation System.
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1.0 INTROOUCTION
: 1. Scope
'  * This document sets forth the procedures, criteria and
conclusions associated with the Reljability and Maintainability
; Assessment for the Laser Scanner Image Generation System,’ J
' 1.2 Application -
This document is applicable to Contract N61339-74-C-0039,
Item 0026, Reliability Demonstration. The equipment subject to
evaluation is defined as Item 0003, Laser Scanner Image Generation
System,
1.3 Assocjated Documents
The following documents were utilized to develop this re-
port:
1.3.1 Specifications
- NTEC Specification 222-1183 Specification for AH-IS
; dated 5 November 1979 (Cobra) Flight Simulator,
' Device 2B38
1
i 1.3.2 Standards
MIL-STD-757 Reliability Evaluation from
Demonstration Data
MIL-STD~785A Reliability Program for
Systems and Equipment
MIL-STD-7218 Definitions of Teras for
Reliability,Maintainability,
£ Human Factors and Safety
[ 3
E 1.3.3 Other
{ Singer-Link Document Procedure for 12 day Re-
1 1iability and Maintainability
(RAM) Assessment, Laser Scanner
Image Generator Product De-

velopment Program
Rev. A, 11-26-80
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Other {cont'd)

SN

LR-979 Laser Scanner Image
Generator System Study
Final Report 28 November 1979
1.4 Definitions
Definitions of terms used throughout this document are those

of MIL-STD-7218.

1.5 Abbreviations/Symbols
SPD Simulation Products Division
of Singer
NTEC Naval Training Equipment Center
MTBF Mean-Time-Between-Failure
MTTR Mean-~-Time-To-Repair
LSIG Laser Scanner Image Generation
2.0 | TEST OBJECTIVES

The objective of the 12 day assessment was to evaluate the

reliability/maintainability potential of the LSIG, specifically with

regard to operational availability. Data accrued on the breadboard

—

system concerning those design characteristics influencing operational
availability - relifability, stability, and maintainability - was to be
combined with data fromoperaticn during the development period and
vendor data toc accomplish this objective.

To the extent possible, pa?ametric estimates were to be de-
veloped and compared to the design goa1s‘estab11shed in para. 3.1.2(3)
of the Link S.0.W. !

3.0 DESCRIPTION OF TEST ITEM
The LSIG has been described in detail in section 1.3 of the

LSIG system study final report LR-979. The breadboard system used fin
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the development program was the test item evaluated during the 12
day period. Block diagrams of the breadboard LSIG and Laser table
are provided in Figure 1 and Figure 2.

The laser table as designed is an optical bench used for
producing and mixing the outputs of three lasers to provide a "white
1ight" beam consisting of four major laser lines. In addition to
the conventional red, green, and tlue laser lines, it was found that
a fourth, "yellow" line is necessary for hich-fidelity color repro-
duction. The red is obtained from a krypton laser, the green and
blue from an argon laser, and the yellow from a dye laser pumped
with the excess green light emanating from the argon laser.

4.0 ASSESSMENT CONDITIONS

4.1 Assessment Location and Schedule

The assessment was conducted at Librascope, Glendale,
California. It commenced on 1 December 1980 and was completed on
12 December 1980.

4.2 Procedures

The assessment was conducted in accordance with the Reliability

and Maintainability Test Procedures. The procedure is included as Ap-

pendix A of this report.

4.3 Environmental Conditions

The assessment was conducted under normal operating conditions

of the test facility., These conditions are as follows:

Lab ambient air: Temp 70 £ 2 typical
Humidity 55 + 15% typical
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Laser table air: Laboratory Ambient
Filtered (95% atmospheric Particles Removed)
235 CFM Flow Rate

%aser cooling : Water, closed loop system
Plasma tube and
power supply) 60°F @ 45 PSIG (Argon)
60%F @ 30 PSIG (Krypton)
tlectrical: Commercial, unconditioned
Power
4.4 Equipment Operation

Equipment operation was scheduled for a period of 12 days
with a 2 day break after the first 5 days of testing. The daily
test cycle consisted of a 16-hour period with the system at full
power and a 8-hour perfod with the system off. System performance
parameters, including power output levels of the lasers,video levels
of the red, green and blue channels, field of view centering, color
registration of the system, and system resolution were measured and

recorded periodically during the 16 hour period.

4.5 ) Maintenance

The Laser Scanner system was routinely operated and main-
tained by Librascope Engineering personnel. Spectra-Physics and Lexel
personnel provided technical assistance on an as needed basis, in-
cluding a visit to the test facility by Spectra-Physics and via tele-
phone (see results discussfon).

A1l maintenance actions, including adjustments, were documented.

4.6 Support Equipment

No support equipment, other than that utilized to perform
normal maintenance and test of the system was required during the assess-

ment. This equipment consisted of the following:
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LSIaG

S Channel Probe Servo Director
Photo Multiplier Test Bo»

Test Transparency

50 MHZ Oscilloscope (2)
Volt-Ohm- Mf111ammeter

Power Meter, 0-10 Watts

5.0 TEST RESULTS

The breadboard LSIG system accrued a total of 115.5
operational hours over 10 operational days (12 calendar days).
Appendix B of this report contains the official log of

the assessment. The data from the assessment has been organized

fnto three broad categories as follows:
1) System stability
2) Critfcal fatlure modes
3) Parametric estimates

5.1 System Stability

System stability was, for assessment purposes, evaluated

with respect to the capability of the system to commence operation

Singer Test Fixture C4154
Singer Test Fixture
Singer Test Fixture
Tektronix Model 454

Triplett Model 630-T-APLK
#30152

Coherent Radiation Model
210 #2929

3 ety ko o B e o

At ¢ ans it e ettt 3 williogaa Lttt

PN S S

on schedule and to operate within tolerances without frequent main-

tenance.

The system was able to commence operation at the desfred time

(generally 0700) 4C% percent of the time.

the unavaflability of a replacement laser during the first week of test

were significant factors inhibiting system readiness.

s e,

Argon laser problems and
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The impact of the 8 hour power-off perfod produced
alignment problems, which on several occasions caused delays in
commencing operation. The exact cause of the change in alignment ;;-
has not been determined but it 1s believed to be related to thermal
stability of the laser table, since the breadboard table is extremely
sensitive to temperature change. The typical temperature differences

between the end of the day and turn-on was 2-3%.  Limitations in the

ease of alignment of the breadboard system also contributed signifi-
cantly to delays in the morning. In general, however, delays were
90 minutes or less.

Stability on the whole, after operation commenced, was
good. The ability of the breadboard to operate within tolerance is
portrayed in Figure 5 through 12. These graphs were developed from
the measurement data on the logs. The ambient temperature and humidity
graphs, Figures 3 and 4 respectively, are inciuded for reference be-
cause of the previously defined interaction with the breadboard align-

ment. 3
Color registration (no graph developed) was typically -

Jess than 2 arc minutes, and worst case was 8 arc minutes. Note
that the implied specification at turn-on was +8.4 arc minutes in

the central circle (.8 pifcture hefght diameter) with degradation

during operation to +#21.2 arc minutes permissable.

i Field of view centering (no graph developed) was rated fair.

' Although some drifting was observed, drift was usually less than 7
' arc minutes vertically and 10 arc minutes horizontally with a worst
? l case drift of 20 and 50 arc minutes respectively. The auto image
correlation feature of final desian and the beam angle servo will
‘ correct this problem.
F 8
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LSIG

Laser power output (see Figures 3, 4, and 5) was very
good except when attributable to equipment failure. The Lexel Krypton
laser, which was last aligned in June of 1980 during factory refur-
bishment, exhibited some graceful degradation in output. Re-alignment
of the laser,on the final day of test, was the only laser power ad-
justment of the entire assessment other than during the fault isolation
and replacement of the Spectra-Physics Argon laser.

Note that the yellow dye laser is "pumped"” by a portion of
the Argon laser output and is therefore dependant. The dye laser output,
Figure 7, is influenced by table alignment and -the power outputs of

the Argon laser, Figure 5. The dye laser output correlates with the

output levels of the Argon laser as can be seen in the Figures.

Video levels, Figures 8, 9, and 10, were also generally good,
but exhibited more drift than any of the other parameters monitored.

In reviewing this data, it should be noted that the electronics were
not.gain stabilized, a deficiency corrected in the proposed final
design.

The nominal video output is 0.7 + 0.1 volts. The green
video level fell within the désired range approximately 80% of the
time. Red video level was within the desired range approximately
90% of the time, and the blue was within 1imits 85% of the time.

Video level is fmpacted by lTaser output, optical path

alignment (fn particular the top periscope mirror, and PMT pre-

amplifier gain). The catastrophic fatlure of the Argon laser {is ap-

parent in the graphs. Routine restoration of video levels was accomp-

lished by adjustment/alignment of the following:

PMT Pre-amplifier gain
Blue-Green-Yellow Dichroic mirrors (laser table)

Top Periscope mirror (optical input to scanner)
19
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The top periscope mirror was the most critical, both
in terms of the frequency of adjustment and the impact upon video
output. Beam displacements attributable to alfaonment shifts of
this mirror, through vibration or temperature effects, was addressed
in the breadboard design. A beam angle servo design exists in the
scanner support optics. Mechanical design deficiencies and dead zone
characteristics of the photo sensor utilized 11mit the effective-
ness of the system to low frequency, large amplitude alignment shifts.
A candidate photo sensor with significantly better resolution is under
study for application in the final design. The improved sensor and
improvements in mechanical design are expected to provide a much
improved beam angle servo system and improved video level stability.

Resolution throughout the assessment was good. Horizontal
resolution in particular was consistently 7.0 arc minutes or better.
Vertical resolution was less stable, but was generally 7.0 arc min-
utes. Resolution of less than 7.0 arc mindtes was experienced for
11 hours of operation, with a worst case of 8.77 arc minute resolu-
tion,

The performance described above was accomplished primarily
in a2 "hands-off" mode. The plan was to make adjustments as needed
after 8 operational hours (even days) or 16 operational (odd days).
This procedure was adhered to except when unscheduled maintenance due
to equipment faflure or serfous performance degradation made continued
operation impractical. Such unscheduled maintenance was discouraged
to provide as much information as possible on the stabflity of the

system. It is significant, however, in assessing the impact of the

20
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data upon the availability potential of the final design, to con-
sider that most adjustments to improve performance could have been
accomp11shed.on-11ne, without interrupting operation.

Specific maintenance actions and frequency of maintenance
are discussed in Section 5.3 Parametric Estimates of this report.
5.2 Critical Faflure Modes

Five hardware problems were experienced during the assess-

ment. These problems are summarized below:
Spinner electronics (intermittent)
Spinner air supply (facility)
Argon laser power supply relay
Argon laser rear cavity mirror
Argon laser plasma tube

5.2.1 Spinner Electronics Intermittent

An intermittent assocfated with circuit card 220 caused a
loss of spinner synchronization and resultinc automatic shut down of
the spfmner. Attempts to resolve this problem during the assessment,
including replacement of the connector, were not completely success-
ful and a spare card was not available. Subsequently, a poor solder
joint at a potentfometer was located and corrected. Although a total
of 16 such dropouts occurred, all occurred within the first 4 days
of test, including 4 in a 15 minute period. This problem 1s belfeved
to be caused by the poor solder joint on the circuftry of the bread-
board Speedring 220 card. This particular problem 1s a classical
electronic equipment problem, and {s not unfque to the LSIG design
concept. It 1s believed that the production version of these
electronics, will effectively minimize such occurrences. (It
should also be noted that the spinner protective c¢ircuitry operated
as ifntended - 1t consistently sensed the probiem and shut the

spinner down).
P ) 21




: §.2.2 Spinner Afr Supply
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During the final day of test, the external air com-

pressor which supplies air to the spinner assembly failed. The
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loss of pressure was sensed and the system safely shut itself
down. ’

The pump s an oil-less design, and it is suspected
that the teflon rings in the pump wore out. The systew has been
in service for approximately three years. Failure analysis of
the pump has not been completed, but the failure is not uncharac-
teristic of teflon rings. The faflure is within the compressor
and fs of the type expected of this class of electro-mechanical
equipment. The mode of faflure is absolutely unrelated to its ap-
plication on the LSIG.

Repafr of the pump in a brief period was not feasible,
so the spinner was operated using Nitrogen gas as the bearing
instead of afr. System operation i< not degraded using Nitrogen,
indeed Nitrogen offers superior dryness and cleanliness with re-
spect to air. Operation of the system using Nitrogen is constrained

only by the supply and spinner consumption rate of 125 cubic feet

per hour at 165 FSI.
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5.2.3 Argon Laser

The Argon laser proved to be the most troublesome compon-
ent of the entire system. After operating for approximately 1200
hours (including two days of the assessment period) the laser output
fell below the 4 watts required. Inspection of the rear cavity mir-
ror revealed a small spot, believed to be a burn at the beam impact
area. c1eaqing the mirror and rotating the burn spot out of the
beam impact area was not successful. Laser alignment and increasing
plasma tube current from 30.5 to 33.5 amperes produced 4 watts maxi-
mum (laser rated at 5 watts). The laser operated for approximately
15 hours without further incident. The following mornings, laser
power at turn-on was 3.1 watts. The rear cavity mirror was replaced,
a capacitor in the power supply replaced (at the suggestion of Spectra-
Physics) and the laser realigned. Maximum power output attainable
was 3.9 watts at a current of 36 amperes. Operation commenced at
that level and continued for approximately 12 hours at which time the
laser failed completely. Unavailability of a replacement precluded
operation the following day, Friday December 5, 1980.

Spectra-Physics personnel replaced the plasma tube Saturday
afternoon. A relay in the power supply, which had not failed, but
which was considered marginal, was also replaced and the system was
powered up and aligned to spccification and shut down for the weekend.

The system operated very well for the following two days aof
test. On Wednesday, video levels degraded and could not be restored

through optical path alignment or video amplifier gain adjustment.

23
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LSIG

1t was observed that low gas pressure alarm in the Argon laser

supply was activiated. The gas pressure in the plasma tube was in-
creased to the proper level via the key operated pressurfzation sys-

tem in the supply. An automatic tube pressure monitor prevents over-
filling. Operation of the laser at rated power was immediately restored.

Investigation of these events yielded the following:

(1) Because of the deterioration of the plasma tube and
the ineffectiveness of the rear cavity mirror replace-
ment upon the laser output, it is uncertain that the
original mirror failed. A minute spot, suspected as
caused by a dust particle incinerated by the laser
beam on the mirror surface was observed, but not con-
firmed as adversely effecting operation.

(2) Preliminary analysis by Spectra Physics indicates the
pressure of the argon gas in the plasma tube was too
high. The increased pressure requires a supply voltage
in excess of that attainable with the breadboard sys-
tem. Cause of the increased pressure has not been
confirmed, but the failure investigation is centering
upon the solenoid operated gas fil1l valve. Spectra-
Physics has recorded previous fill valve failures but

such failures are infrequent (less than 1% of field

returns) and are not considered to he a problem

with this desian.
(3) The need to raise the internal pressure of the noble gas

within the plasma tube is a result of entrapment of some

of the gas in the walls of the bore in operation. This

phenomenon {s well uncerstood and the gas reservoir and

filling provisions of the laser supply are incorporated

to ensure an adequate supply of gas for 5000 to 10,000
hours of operation.
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5.3 Parametric Estimates

The breadboard LSIG is essentially a development system,
intended to prove viabflity of the design concept.

Significant design differences exist between the bread-
board and the proposed production system. Such differences as a
stngle gas laser instead of the two in use on the breadboard, improve-

ments in the laser table configuration with improved thermal stability

error detection and improved alignment capabilities, heam angle sarvo

compensation, etc., are discussed in detail in the Engineering Report
prepared by Link. These differences, and the comparatively short dura-
tion of the assessment, precludes drawing any strong conclusions re- |
garding either the quantitative reliability and maintainability char-
acteristics of key components (such as the plasma tube) or the pro-

duction configuration of the LSIG itself. Despite such differences,

i e, Aiebieh Lol L

sufficient conceptual and hardware similarities exist to generate
considerable interest in those parameters impacting operational readi-
ness and loqgistic resources. Accordingly, estimates of several para-

meters have been developed.

Parameter Estimated Value ]
Power-on hours' ‘
Breadboard LSIG System 283 :
Spinner Assembly 320 ;
Argon Laser 297 :
Krypton Laser 316 ;
Dye Laser 318 :
Operational Avaflability? 724 :
Scheduled Hours 160 i
Operational Hours 115.5 ;
Unscheduled Maintenance Actions3 27 (9) :
25

i M e ke wdavraale b o (b




LSIG

Estimated Value

Parameter
Mean-Time-Between-Mnntenance4 4.25 (10.5) hours
MeAn-Time-Between-Fai1ure5

Breadbonard LSIG System 14 (94) hours
Spinner Assembly 18.8&160) hours
Argon Laser 29 297) hours
Krypton Laser 316 hours
Dye Laser 318 hours

2 - 4 hours typical

Mean-Time-To-Repair

Frequent Adjustments/Alignments

Top Periscope Mirror
Laser Table Dichroic Mirror

PMT Pre-amplifier Gain
Laser Table Beam Pointing Mirror

Typical Alignment Time (System) 60 minutes

Includes 172 hours on the lasers and 165.45 hours on the
spinner assembly duriné thé period October 9th through
November 11th. No failures occurred.

Assumes a hypothetical schedule of 16 hours/day commencing

Oelays in commencing operation were treated as lost

at 0700.
time. Computed as the ratio of achieved operation to scheduled
operation. Includes logistic delay time (no <pares available

at Librascope).
Parenthetic figure excludes spinner dropouts to illustrate

significant impact this one problem had on calculations.

Includes scheduled adjustments and alignments. Parenthetic

figure excludes spinner dropouts.

Parenthetical figures consider the spinner electronics inter-
mittent as one equipment problem, and exclude the argon laser
power supply relay and rear cavity mirror replacements on the

premise that the cause of failure was the plasma tube fill valve,

not these items.
26
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6.0 ° Conclusions

‘ During the assessment period, there were numerous maintenance
actions. The nature and frequency of these actions produced an initial
disappointment in the system's performance. It soon became apparent,
however, that the majority of these maintenance actions were associfated
with design limitations of the breadboard and its support facilities.
In this regard, the 1esson§ learned from the breadboard have beén very
beneficial and will continue to influénce the design of the production
system. Specific design areas which require improvement follow:

(i) Beam stability. The laser table, and optical path
stability, should be improved through better match-
ing of thermal coefficients. An improved beam angle
servo is needed to provide automatic error correction.

(2) PMT pre-amplifier gain. Automatic gain control is
necessary. This feature has been 1ncorporateg in the
production design.

(3) Fault Isolation/alignment. The existing breadboard
table has rudimentary alignment provisions and reference
points. Extended maintenance times resulted from the
jnadequate provisions for alignment. Additional delays
were frequently introduced because of the absence of
reference points to aid fault isolation., Corrective
action was based upon technician experience and trial
and error. Improvements must be incorporated to facil-
{tate maintenace by less highly skilled personnel and to
reduce alignment times.

(4) System Dependability. A better understanding of the
effect of power-off periods on the optical path align-

ment is required. Cause of morning start-up problems
27
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LSIG

must be identified and incorporated in the design.
Supporting facilities. It is very apparent that con-
trol of the laser table environment cannot be treated
lightly. The production design must carefully address
temperature control, air cleanliness and water tempera-
ture, cleanliness and flow rate.

Spinner Electronics. The breadboard electronics pack-
aging should be ruggedized.‘ The card bin support struc-
ture does not provide sufficient card support, and is

not acceptable for installation on the Y tower.

The preceding design concerns are solvable and are not in

conflict with the basic design approach. Indeed, the proposed production

design has addressed these concerns. Figure 13 depicts the production

laser table configuration. The table provides the following advantages

with respect to the breadboard:

(1)

(2)

Improved reliability - one gas laser and two dye lasers
offer inherent advantages with respect to the breadboard
configuration of two gas lasers and one dye laser. The
more efficient optical design also permits operation of
the laser at power levels well below those of the bread-
board. The derating permitted by these low power require-
ments provide a potential for extended laser life.

Fault Isolation/alignment - provisions to monitor the

beam alignment have been incorporated (re: Figure 13 -
linear motion detector or microscope and reticle). Align-

ment of each color beam is individually adjustable via

28
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PROPOSED LASER TABLE CONFIGURATION

FIGURE 13
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beam splitter (Green via D1, Blue via 02, Yellow
via 03, and Red via D4).

Other production system improvements include improved
beam stability. The laser table itself is designed to be more
thermally stable, and the beams are combined before expansion.

This latter technique sionificantly reduces performance degradation
resulting from beam drift. Additionally, a beam anqgle servo has been
included at the spinner input, and is an improved version of the bread-
board design. Figure 14 1llustrates the proposed servo design. (A
lateral servo is also under consideration, and will be added, 1f neces-
sary, at the laser table output).

PMT pre-amplifiers will provide automatic gain control cir-
cuitry. The drift experienced on the breadboard system from this source
will therefore be elminated. The PMT banks will also inciude buflt-in-
test circuitry which will permit rapid monitoring of each individual
PMT on a dafly basis via switches and LED displays.

These improvements are indfcative of how the design concerns
of the breadboard LSIG have been addressed in the production design.

It fs significant that the breadboard, despite its defi-
ctencies, confirmed that 16 hour per day operation with good visual
performance is feasible. With its improvements, the production design
has the potential for excellent operational readiness.

7 No conclusion relative to laser l1ife is possible. Previous
projeclions of laser life can neither be confirmed nor refuted. Fur-
ther evaluation of 11fe data and failure mechanisms is necessary. How-

ever, data from the manufacturer, including faflure mode information,
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indicates a 1ife of 3000-4000 hours in the LSIG application environ-

sl e e

ment to be a realistic expectation. The manufacturer of the laser,
Spectra-Physics, has, after reviewing the LSIG application, extended
the warranty to 2000 hours. the price of the unit, including extended
warranty, is therefore based upon a single plasma tube with an expected é

mean l1ife of greater than 2000 hours. Figure 15 depicts survival prob-

arility (1ife) as a function of operating time. Laser 1ife is addressed

in more detail in the engineering report;

The impact of the LSIG upon the overall 2B33 visual sys-
tem reliability and maintainability cannot be quantified on the
basis of this assessment data. The design differences between the
breadboard and production design and the brief evaluation period
prevent direct extrapolation of assessment data to the 2B33 LSIG.
Predicted data using classical reliability procedures are considered
a best estimate, particularly for comparison purposes. The prediction
for the 2B33 CMS visual system* was updated to reflect the LSIG con-
figuration as defined in the engineering report. This analysis has
been completed and the following table summarizes the relfability and
maintainability parameters obtained in addition to comparing correspond-
ing subsystems of each configuration from a reliability/maintainability

viewpoint:

* Reference Maintainability Status Report 2B33-3.19, 20 July 1979.
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7\/%2 A, /\/ligéshi)s's“:na

Probe Installation 382 (45) 382 (46)
Image Generation 2942 (46) 1894 (50) 1
Model Installation 2455 (40) 2105 (40) i
Switching/Weapons 1217 (40) 1217 (40) : H
Effects 3 i

Display Installation 2264 (42) 2264 (42) !

Cables/Miscellaneous 235 (45) 235 (45)
Linkage 745 (40) 745 (40) ]
A . 10240 8842 ’
MTBF = 97.6 113.1 {i
MITR = 42,5 43
{

These updated classfical predictions reflect a 15.8 percent

improvement in reliability using .the LSIG in T14eu of the Camera Image {
Generator Hardware. It.shou1d be noted that in both CMS and LSIG ;
analyses, 1ight bank and PMT bank reliability and maintainability ;
parameters were excluded from the calculations. In the case of the ‘
LSIG system, Link Rel{ability Enaineering chose to exclude the assocfated
failure rate ¢ ta for the following reasons:

a) The probability of having no PMT site failures during

a 16 hour training day is 97.8%.

b) The shadowing effect of faflure of a single PMT site
does not significantly degrsde the system. (Re: dis-

oo e sttt e il

cussion of this topic in the engineering report). The prob-
abi1ity of having less than two PMT site failures is

99.954%.
¢) The probability of having two adjacent PMT site failures

(which would cause objectionable degradation) is

4.839 x 1078,

P
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Since the probability of having two adjacent complete site

failures (thus affecting a training mission) 1s so minute, the R/M

oo
Madie 2ot o il b b u.&Lx‘AlﬁﬂhL“‘_-_“‘“‘w 'ty
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o . P N e
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values associated with the PMT bank were excluded from the classical

e

analyses. Failed PMT hardware would be replaced on an'as needed’ basis
during the dafly preventive maintenance period. Al1l previous R/M

analyses of the CMS system treated the 1ight bank in the same manner.

" Aadod

The LSIG system also incorporates an Automatic Image
Correlation System which has no counterpart in the CMS system. il
This system 1s described in detail in the engineering report, and
is 11lustrated conceptually 4n Figure 16. Fiber optics with PIN
diode sensors imbedded in the model board provide inputs to elec-
tronics which give active feedback for probe heading, pitch, and roll
angles near airfields, target ranges and other designated areas. The
system utilizes approximately 200 diode amplifier cards and associated
electronics. - The system has an MTBF of approximately 9000 hours, and
when integrated into the 2B33 visual system with LSIG,results in a sys-
tem MTBF of 100.3 hours. The overall MTBF, including the image cor-
relation hardware, 1s 2.7% better than the CMS system without image

correlatinon. In this instance, relfability was traded-off for improved

maintainability and system performance. The fmage correlation system,
in addition to improving visual performance 1n such areas as weapons
effects, significantly reduces probe alignments, a frequent and time
consuming task on the existfng CMS design,

It is important to note that classical relfability analyses

address catastrophic part failures only, and that other events such as

wear out, drift, secondary failures, and maintenance induced errors
result in a frequency of maintenance actions much higher than suggested
' by MTBF figures. The CMS for example, because of drift, requires 1
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frequent adjustment and is, per OTAE data, exhibitinga mean time between

maintenance actions of 3-4 hours. In this regard, the LSIG offers

significant potential for improvement. The breadboard, despite its

mafntenance 1iabilities, exhibited a MTBM greater than 4 hours,
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and the improvements of the production design suggest a MTBM of

%
g 10 hours is feasible. Factors contributing to the reduced require-
; ment for maintenance include:

: - a) Elimination of the hostile thermal environment in-

: ' cluding gradients over the model board, by eliminat-

{ng the 1ight bank.
b) Elimination of the camera and camera electronics.

This equipment exhibits an inherent sensitivity to

thermal effects significantly higher than that of.

the scanner electronics.
¢) Provisions for automatic drift compensation via PMT
amplffier AGC, beam position servo(s), and probe-

{mage correlation. The latter feature eliminates

P

one of the more frequent and time consuming probe
alignment tasks of the (CMS design.

The LSIG design {is superior from a maintainability view-

PRV

point to the CMS. Although statistical estimates of MTTR incdicate

N0 drastic difference between the two competing designs, the
Timitations of the analysis procedure (catastrophic failure only)

b

understate the true maintainability advantages of the LSIG design.

MTTR may in fact, not change significantly because of the much greater
influence on that parameter of the non-image generator equipment,

{.e., the image generator comprises approximately 20% of the total

AR AL S dA t M r SB M Lt i % Mol

system hardware.

37

N S T e e ~—

N —— B



P W

e L

i T
- s s 5 e s -

R i Lot R S

b Ol

LSIG

Maintenance manhours per operational hour and MTBM
will be lower with the LSIG design than the CMS design.

Quantitative goals of 300 hours MTBF and 30 minutes
MTTR were established for the LSIG. The proceeding discussion
confirms that significant improvements in these parameters
compared to the CMS have been attained, although the established
goals were not. It should be noted, in assessing these parameters,
that the image generation portion of the visual system represents
approximately 20% of the total system, and that even if it were
perfect, 1.e., never failed, the total system MTBF and MTTR would
not attain the design goals established.

The proposed LSIG design does offer the following:

a) improved visual performance

b) lower cost of ownership

¢) increased relifability

d) lower frequency of maintenance

e) reduced alignment time

The transition from breadboard to production LSIG s a
significant one. The engineering report and this document have
addressed the technical objectives which must be accomplished in
the production design. From a reliabflity and maintainability
point of view, the objectives appear attainable with the proposed

design.
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SCOPE_AND PURPOSE

This document describes the test procedure to be followed in conducting
the 12-Day Reliability and Maintainability (RAM) Test on the LSIG demon-
stration hardware as required under the LSIG Development contract. The
purpose of the test is to collect the negesiary RAM data on the laser
breadboard hardware under controlled operational conditions such that a
RAM assessment can be made on the proposed final LSIG system design.
Data collected during the 12 day period will supplement the reliability
statistics from vendors of critical components, as well as RAM data
collected on the breadboard system throughout the LSIG Development Pro-
gram. Reliahflity and Maintainability predictions on the full-scale
LSIG visual system will be made in analyzing such data, in conjunction
with engineering analysis on the RAM aspects of the final design. Exist-
ing RAM data on system components common to both the camera-model system
(CMS) and the laser scanner image generator (LSIG) will be used as much
as possible. Sections 4 through 6 in this document details the daily
tests. In addition, a maintenance log will o2 kept to record all
scheduled and unscheduled alignment and repair performed during the

test period.

APPLICABLE DOCUMENTS

a) Change Order No. P00023 to NAVTRAEQUIPCEN Contract N61339-74-C-0039.

b) "Technical Proposal for Laser Scanner Image Generation System De-
velopment Program”, No. 1168, by Link, 7 March 1980.

c) "Specification for AH-IS (Cobra) Flight Simulator Device 2B33“,
222-1183, by NTEC, 5 November 1979.

d) "Laser Scanner Image Generation System Study Final Report", LR979
by Link, Revised 28 November 1979.

e) "RAM Assessment Daily Test Procedures for Librascope - LSIG Product
Development Program", by Link, 22 August 1980.

¥



AR o e e =2 e meer - C - e e ——

LiNn DIVISION

| DATE | SINGER PAGE NO. 2

REvV. BINGHAMTON . NEW YORK REP. NO.

THIS DATA IS SUBJECT TO THE RESTRICTIONS QN THF TITLE PAGE OF TH1S DOCUMENT.

3. BREADBOARD SYSTEM CONFIGURATION

The breadboard system configuration is shown by the Block Diagram
(Figure 3.-1) and by the Laser Table Schematic (Figure 3.-2).

4. DAILY PROCEDURES

The dafly procedures to bé foliowed are described in the sequence
below. There will be 5 days (16 hr/day) of testing followed by one
or two days off and then another 5 days (16 hr/day) of testing. The E
first day of testing shall be numbered day number 1 and each of the ' '
remaining test days shall receive a2 number in sequence. On odd num-
bered days the procedure in section 4.3 shall be run after turn-on
and the morning readiness procedure have been completed. On even
numbered days the procedure in section 4.4 shall be run. These pro-
cedures may be modified, if necessary, on site (with both Government
and Link concurence) if the data generated at the beginning of the
12-day period indicated that a change to the procedures would gen-
erate more useful data to correlate with the actual operation of the
intended simulator (production 2B33).

4.1 Turn-on and Warm-up

Turn the system on first thing in the morning and let it warm-up
for 30 minutes. This warm-up time shall not count as part of
the 16 hour day.

fF.398-8.C
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4.2 Morning Readiness Procedures

The following morning readiness procedures shall be performed

sequentially after the 30 minute warm-up period and before the
start of each day's tests:

a) Adjust, if necessary, the Argon and Krypton laser controller
currents to yield the rated power output, as read on the con-
troller's. internal optical wattmeters in the case of the Argon
laser and.on an external optical wattmeter placed at the laser
output in. the case of the Krypton laser. _TIhen adjust, if
necessary, the dye laser for the rated power level measured
at the output of the dye laser using an external opt’cal watt-
meter placed on the laser table. A1l three lasers ‘hould be
kept in the TEMoo mode during these adjustments.

b) Check the sizing, centering and convergence of the color monif
tor paying particular attention to the convergence in the cen-
ter of the CRT. Adjust if necessary.

¢) Register the 4 laser beams together by adjusting the appropriate
optical components on the laser table, 1f necessary.

d) Focus *he 4 laser beams together by adjusting the beam expanders
on the laser table, if necessary. This may affect registration -
alternately adjust registration and focus until both are correct.

e) Adjust, i1f necessary, the PMT high voltage to yiald a white sig-
nal level of 0.7 V in the red channel at the output of the bread-
board video processor. Then adjust the blue and green gain of
the Light Box preamps to yield a white signal level of 0.7 V in
the blue and green outputs. ‘

f) Check the vertical éalvo deflection angle and centering. Ad-
Just 1f necessary.

The time to perform these morning readiness procedures shall be
counted as part of the 16 hour day.
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0dd_Day Procedure

Figure 4,.3-1 shows the procedure to be followed on odd days.
The intent of this procedure is to demonstrate reliability
and maintainability over a 16 hour period and to determine
the performance level of the system over a 16 hour period
without any adjustments.

Therefore, do not make any adjustments to simply improve
performance. The only adjustments allowed (other than

probe servos) -are those necessary to keep the system opera-
tional and these shall be recorded in Table 6-1 along with
any failures that might occur. Adjusting of the probe in
heading, pitch, roll and focus 1< allowed each time a test
is run because the intent of this procedure is to determine
performance of the laser system and not the performance of
an existing piece of equipment (opticel probe). Reliability
data on the optical probe gathered on existing operational
simulators will be used in the RAM analysis. The results of
the hourly tests shall be recorded in Table 6-1. The tests
referred to in Table 4.3-1 are described in section S.
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HOUR NO

30 minute warm=up

1- | a. Perform morning readinegz procedure
b. Perform tests 5.2 thru 5.6

2- [Test 5.6 KEY:

3- | Tests 5.6, 5.2, 5.3 853 Udes gggog:destai ,

a- | Test 5.6 15 g:?::r;231:23a§};ﬁ |

5- | Tests 5.6, 5.2, 5.3, 5.4, 5.5 5.6 System Resolution

6- | Test 5.6 3
7- | Tests 5.6, 5.2, 5.3

8- | Test 5.6

9~ | Tests 5:6, 5.2, 5.3, 5.4, 5.5
10- | Test 5.6

11- | Tests 5.6, 5.2, 5.3

12- | Test 5.6

13- | Tests 5.6, 5.2, 5.3, 5.4, 5.5
14- | Test 5.6

15- | Tests 5.6, 5.2, 5.3

16- | a. Perform Tests 5.6, 5.2, 5.3, 5.4, 5.5

b. Record any adjusiments necessary to return
system to max. performance using morning
readiness procedure.

c. Repeat tests 5.6, 5.2, 5.3, 5.4, 5.5
d. Shut-down at end of Hour No. 16

17-

FIGURE 4.3-1 0DD DAY PROCEDURE
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Even Day Procedure

Flgure 4.4-1 shows the procedure to be followed on even days.
The intent of this procedure is to demonstrate reliability
and maintainability over a 16 hour period and to determine
the performance level of the system over a 16 hour period
with one adjustment period allowed after 8 hours - i.e.,

the end of the first 8 hour shift during a simulator's

16 hour‘training period.

Therefore, the adjustments allowed to simply improve perform-
ance are to be made only at the designated adjustment period.
The only other adjustments allowed (besides probe servos) are
those necessary to keep the system operational and these shall
be recorded in Table 6-2 along with any failures that might
occur, Adjusting of the probe in heading, pitch, roll and
focus 1s allowed each time a test is run because the intent

of this procedure is to determine performance of the laser sys-
tem and not the performance of an existing piece of equipment
(optical probe). Reliability data on the optical probe gathered
on existing operational simulators will be used in the RAM
analysis,

The results of the hourly tests shall be recorded in Table-6-2.
The tests referred to in Table 4.4-1 are described in Section 5.

Shut-Oown

Shut the system off during hours outside of the warm-up and
operational test periods indicated above.

i i A i 8 P i i i el M S Bl a5 et m ML A Bt R

T S




LiNe DIvIBION

P |oate SINGER PAGE NO. ¢

REV. SINGHAMTON,, NEW YORK REP. NO.

THIS OATA 1S SUBJECT TO THE RESTRICTIONS ON THF TITLE PAGE OF THIS DOCUMENT.

HOUR NO.

30 minute warmeup

1- | a. Perform morning readiness
b. Perform te 5.2 thru 5.6

2- | Test 5.6 KEY:

3- | Tests 5.6, 5.2, 5.3 g:g 5?:2: 2:§pgzdestal
b | Test .6 . $:§ Centering and Size
5- | Tests 5.6, 5.2, 5.3, 5.4, 5.5 5.6 System Resolution
6- | Test 5.6

7- | Tests 5.6, 5.2, 5.3

8- | Test 5.6

9- | a. Perform tests 5.6, 5.2, 5.3, 5.4, §.5

b. Then record any adjustments necessary
to return system to maximuun performance
using morning readiness procedure.

c¢. Repeat tests 5.6, 5.2, 5.3, 5.4, 5.5

10- | Test 5.6

11- | Tests 5.6, 5.2, 5.3

12- | Test 5.6

13- | Tests 5.6, 5.2, 5.3, 5.4, 5.5
14- | Test 5.6

15- | Tests 5.6, 5.2, 5.3

16- | a. Perform tests 5.6, 5.2, 5.3, 5.4, 5.5

b. Then record any adjustments necessary to
return system to max. performance using
morning readiness procedure.

¢. Repeat tests 5.6, 5.2, 5.3, 5.4, 5.5
d. Shut down at end of Hour No. 16

17-

F.398.0-C

FIGURE 4.4-1  EVEN DAY PROCEDURE
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5. TESTS

The following tests shall be run during the perfods designated
in Paragraphs 4.3, and 4.4. The specification referred to in the
“Applicable Spec. Paragraphs" section of each test is ftem (c)
of Paragraph 2. of this document

5.1

“Light" Box Set-Up

A11 of the following tests make use of the test chart shown
in Figure 5.1-1 and the Photomultiplier Tube (PMT) “"Light"
Box shown schematically {n the lower.right hand corner of
Figure 3.1, The PMT Light Box contains three PMT's with
red, green and blue filters, three preamplifiers, dif-
fuser screen(s) and a test chart transparency holder capable
of being moved in X, Y, and Z.

The tests are such that once the Light Box and Test Chart
are set-up, all of the tests can be run without any further
set-up. The single test chart contains all the information
necessary to perform the five tests.

Therefore, one general set-up procedure is given in the
following table which 1s common to all five tests.
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5.2 Power Output Level

5.2.1 Tes: Objective
To measure the laser power output from the three
lasers - {.e., argon (blue and green), dye (yellow)

and krypton (red).

5.2.2 Test Equipment Required
a) 5 channel probe servo director

LAkatcc L Ve TN 'mmm,wwﬂn

b) Coherent Radiation model 210 optical wattmeter

§.2.3 Test Method
Read the output of the argon laser using the optical
wattmeter built into its controller. Read the output
of the dye and krypton lasers using an external optical
wattmeter on the laser table at the output of each laser.

LT e

5.2.4 Initial Conditions

System warmed-up for 30 minutes.

* 5.2.5 Applicable Spec. Paragraphs

None

8.2.6 Detailed Procedure
The detailed procedure is giveu in the following table.

¢
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Video Levels

§.3.1 Test Objective
Yo measure and record the video levels 1n
the red, green and blue channels.

5.3.2 Test Equipment Requiréﬁ
a) 5 channel probe servo director
b) PMT Light Box
¢) Test Chart (Figure 5.1-1)
d) 50 MHz oscilloscope
5.3.3 Test Method

Using the oscilloscope and Camera Contrql Unit (CCU) measure
the peak red, green and blue video levels.

5.3.4 Initial Condition
System warmed-up for 30 minutes.

5.3.5 Applicable Spec. Paragraphs
None

§.3.6 Detailed Procedure
The detafled procedure is given in the following table.
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5.4

THIS DATA 15 SUBJECY TO TWE RESTRICTIONS ON TMF TITLE PAGE OF THi$ DOCUMENT.

Centering and Size

5.‘..]

5.4.2

5.4.3

5.4.4

5.4.5

5.4.6

Test Objective

To verify that the centering and size of the image
generation raster does not drift outside of the allowed
field-of-view tolerance during a sustained operating
period.

Test Equipment Required

a) 5 channel probe servo director

b) PMT Light Box | '

¢) Test Chart (Figure 5.1-1) -

Test Method

The PMT Light Box is set up orthogonal to the probe's
11ne-of-sight. The Test Chart is moved around on the
11ght box face (using the three axis slides) until it
{s centered on the roll axis of the probe and a set
distance away from the probe entrance pupil. A check
is then made as to whether the centering and sizing of

the raster remains constant during a sustained operat-
ing period.

Initial Conditions
System warmed up for 30 minutes.

Applicable Spec. Paragraphs
3.4.5.1 (b), (d), and (e)

Detafled Procedure
The detailed procedure is given in the .following table:

el e s ——
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5.5

THIS OATA 1S SUBJECY TO THE RESTRICTIONS ON THF TITLE PAGE OF TM1S DOCUMENT.

Color Regfistration

5.5.1 Test Objective
To measure the registration of the Laser Scanner
Image Generator (LSIG).

5.5.2 Test Equipment Required
a) S channel probe servo director
b) PMT Light Box
c). Test Chart (Figure 5.1-1)

5.5.3 Test Method
The Test Chart contains groups of horizontal and
vertical bars spread throughout the field-of-view
of the LSIG. The spacing on these groups is
10 arc-minutes/1ine pair. Using the Camera Control
Unit (CEU) any one color channel can be dtsplayed-on
the B&W monitor. The three color channels are rapidiy
switched one at a time onto the B&W monitor and the
Jump of the three bar groups is estimated using the
10 arc-minutes spacing of the bars on a reference.

5.5.4 1Initial Conditions
System warmed up for 30 minutes.

5.5.5 Applicable Spec. Paragraphs
4.1.1.2
3.4.5.6.1 (1) - as ammended by proposed spec. deviation
3.4.5.1 (m) - proposed spec. addition
5.5.6 Detailed Procedure
The detailed procedure is given in the following table:
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THIS OATA 1S SUBJECT TO THE RESTRICTIONS ON YHF TITLE PAGE OF TrHIS DOCUMENT.

§.6 System Resolytion

$.6.1 Test Objective
To verify that system resolution is in accordance
with the specification

§.6.2 Test Equipment Required
a) 5 channel probe servo director

b) PMT Light Box
¢) Test Chart (Figure 5.1-1)

 5.6.3 Test Method
The probe 1s focused for best resolution and the
resolved group i1s read from the Air Force resolution
target at the center of the Test Chart. No Scheimpfiug
ti1t is used in the probe and the chart is located at
a distance far enough away to be considered infinity.

5.6.4 Inftfal Conditions b
. System warmed-up for 30 minutes

5.6.5 Applicable Spec. Paragraphs
4.1.1.2
3.4.5.1

5.6.6 Detafled Procedure g
The detailed procedure is given in the following table: '

]
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F.398.5-C

DATE °, SINGER PAGE NO. 28
. . - LINK DIVISION
REV. BINGHAMTON, NEW YORK REP. NO.
THIS DATA 1S SUBJECT TO THE RESTRICTIONS ON THF TITLE PAGE OF THIS DOCUMENT.
6.0 DAILY TEST RESULTS TABLES

Tables 6.-1 and 6.-2 are to be used to record the daily test
results on odd and even days respectively.
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